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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the RAN1#80 meeting, some potential standard enhancements are listed as follows [1]
· Potential CSI-RS and feedback enhancements
· Enhancements related to beamformed CSI-RS-based schemes
· Enhancements related to non-precoded CSI-RS-based schemes
· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS
· Enhancements related to non-codebook based CSI reporting for TDD
· Enhancements related to SRS
In this contribution, we provide our views focused on beamformed CSI-RS-based scheme and non-precoded CSI-RS-based scheme. 
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Potential enhancement for beamformed CSI-RS-based scheme
It is well known that the beamformed CSI-RS-based scheme is a good candidate of implementation based enhancement scheme because UE can get the full channel information and compute an accurate CQI.  Compared of our baseline evaluation results with those of phase 1 [2][3], we can see much performance benefit is introduced by the beamformed CSI-RS-based scheme in most scenarios.
In this standard transparent scheme, multiple Rel-12 DRS on different vertical beams should be configured to UEs for beam selection. Then according to RSRP reports, eNB transmits CSI-RS on UE expected vertical beams for CSI measurement. 
As described in Figure 1, 1 port DRS is configured on all vertical beams, including beam 0, 1, 2, 3, 4, to ensure large vertical coverage. According to RSRP reports from all UEs, full port CSI-RS (8ports) resources on vertical beam 1, 2, 3 are transmitted for these active UEs. Meanwhile, eNB configures each UE at most three CSI processes based on RSRP reports. To save CSI-RS overhead, multiple UEs may be configured with one vertical beam for CSI measurement, e.g. UE0 and UE1 can share the full port CSI-RS resource on vertical beam1, and it is unnecessary to transmit full port CSI-RS on beams without user, e.g. on vertical beam 0 and beam 4.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][image: C:\Users\2171490101502\Desktop\图片1.png]
Figure 1 Diagram of beamformed CSI-RS
Because of these aforementioned advantages, we propose 
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Proposal 1: Beamformed CSI-RS-based scheme should be introduced to exploit elevation beamforming benefit.
AAS can provide the elevation beamforming gain because of the flexible tilt control. However, the serious inter- cell interference may be introduced as shown in Figure 2. Therefore, to achieve a good system performance by AAS, the selection of elevation tilt for UEs should be a best tradeoff between vertical beamforming gain to UE and interference to adjacent cells.

[image: C:\Users\2171490101502\Desktop\图片2.png]
Figure 2 Diagram of interference from flexible tilt
Proposal 2: Inter-cell interference should be considered for vertical beam selection.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]We did some simulations to analyse the interference related to elevation tilt. For the case 1, 7 seven vertical beams are selected from 16 DFT codebooks corresponding to the elevation tilt 90。, 94.5。, 99。, 103.6。, 85.5。, 81。, 76.4 respectively for UMi scenario. In the simulation, each UE chooses and reports CSI on only one vertical beam selected with largest RSRP value. The CDF of vertical beam distribution for all UEs is shown in Figure 3, where we can see the vertical beam 0 is selected with high possibility. As we know, the beam 0 with down tilt 90。causes high interference to adjacent cells. So 6 vertical beams are selected in the case 2, where the beam 0 corresponding to 90。is removed.
[bookmark: _GoBack]Table 1 and Table 2 provide the performance comparison of case 1 and case 2 for full buffer traffic and FTP traffic respectively. Although vertical beam 0 can introduce beamforming gain, it also introduces serious inter-cell interference. So even without the vertical beam 0, the performance of case 2 is similar with that of case 1, as shown in Table 1 and Table 2. 
[image: C:\Users\2171490101502\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\MGGS9BE3\3.jpg]
Figure 3 CDF of vertical beam chosen
Table 1 Simulation results of Full-buffer traffic
	Scenario
	Vertical beams
	Cell-avg
	Cell-edge

	UMi with 2GHz
	Case 1 : 7 vertical beams 
0, 1, 2, 3, 4, 5, 6, 7
	3.71
	0.088

	
	Case 2: 6 vertical beams:
1, 2, 3, 4, 5, 6
	3.70
	0.087



Table 2 Simulation results of FTP model 1
	Scenario
	Vertical beams
	Traffic load
	RU
	5% UPT(Mbps)
	50% UPT(Mbps)
	Mean UPT(Mbps)

	UMi with 2GHz

	Case 1
	8
	19.1%
	14.08
	37.04
	36.86

	
	
	14
	39.9%
	7.62
	23.67
	26.74

	
	
	16.8
	52.2%
	5.39
	17.78
	21.32

	
	
	18
	58.6%
	4.32
	15.5
	19.24

	
	Case 2
	8
	18.7%
	13.79
	37.74
	37.08

	
	
	14
	40.2%
	7.74
	23.53
	26.85

	
	
	16.8
	50.2%
	5.52
	18.87
	22.43

	
	
	18
	57.1%
	4.65
	16.06
	19.96



To avoid serious inter-cell interference, CSI information on multiple vertical beams can be fed back. Then eNB can determine a best tradeoff between beamforming gain and inter cell interference. For example, as shown in Figure 1, eNB can transmit data on vertical beam 3 for UE 2 in order to avoid serious interference to adjacent cell, if the gap of report CQI or RSRP values on vertical beam 2 and beam 3 is not too large.
Furthermore, CSI feedback on multiple vertical beams can assist eNB to increase scheduling flexibility, especially for multi-user scheduling. And it can be implemented by configuring multiple CSI process for UE, but the increasing UE measurement complexity and feedback overhead should be considered. So we propose:
Proposal 3: Multiple CSI information on multiple vertical beams should be fed back to avoid serious interference and to increase the scheduling flexibility. Meanwhile, UE measurement complexity and feedback overhead should be reduced.  
Non-precoded-based CSI-RS 
The Kronecker precoding with 2 CSI process has been proposed as a non-precoded CSI-RS-based scheme [4], where two one-dimensional array structures could be used to measure horizontal CSI and vertical CSI separately for reducing CSI-RS overhead. To aim for standard transparent, two independent CSI processes are configured to one UE for CSI measurement and report. However, this transparent scheme has worse performance which can be found in our companion contribution [2], since accurate RI and CQI cannot be achieved by two separate CSI processes. If this independent CSI-RS scheme is introduced, the standard enhancement has to be considered to achieve accurate RI/CQI estimation. 
Furthermore, standard enhancement seems to be required for more than 8 ports per CSI process, which has been agreed in RAN1#80 meeting [1].
Proposal 4: Standard enhancement should be considered if this non-precoded CSI-RS-based scheme is introduced to exploit elevation beamforming benefit.
A typical CSI-RS transmission of this scheme is described in Figure 4, where one column antennas and one rows antennas are selected for vertical CSI measurement and horizontal CSI measurement. However, the coverage of each CSI-RS port might be poor due to the limitation on a single power amplifier, and the channel estimation may be impacted. 
[image: C:\Users\2171490101502\Desktop\图片1.png]
[bookmark: _Ref410335043]Figure 4 Illustration of H/V CSI-RS for Kronecker-Product based FD-MIMO
To boost CSI-RS power and improve the coverage, the one row/ column antenna ports for horizontal/vertical CSI measurement should be virtualized by multiple antennas. Take horizontal CSI measurement for example, one port of horizontal CSI-RS resource can be virtualized by one column elements in one polarization, instead of one element [4]. To ensure vertical coverage range about [90。– 125。] in UMa scenarios, we set the vertical virtualization vector Wv = [-0.1012-0.2750i; -0.1544-0.6223i; 0.5392-0.2297i; -0.1090+0.2100i; -0.0359-0.2634i; 0.0181+0.0364i; -0.0733-0.1555i; -0.0149+0.0382i]T. After virtualized by one column elements, one port CSI-RS radiant pattern in vertical domain is described in Figure 6, and we can see the antenna gain is larger than that derived from one element. Furthermore, the CSI-RS power will not be limited due to the amplifier of a single element.
Proposal 5: Antenna virtualization should be used in this non-precoded CSI-RS-based scheme to ensure CSI-RS coverage.
                       [image: C:\Users\2171490101502\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\MGGS9BE3\4 (3).jpg]
Figure 5 CSI-RS virtualization                 Figure 6 Radiant pattern of one horizontal CSI-RS port
3 Conclusion
In this contribution, we discussed two CSI-RS enhancement schemes and provided our views as below:
Proposal 1: Beamformed CSI-RS-based scheme should be introduced to exploit elevation beamforming benefit.
Proposal 2: Inter-cell interference should be considered for vertical beam selection.
Proposal 3: Multiple CSI information on multiple vertical beams should be fed back to avoid serious interference and to increase the scheduling flexibility. Meanwhile, UE measurement complexity and feedback overhead should be reduced.  
Proposal 4: Standard enhancement should be considered if this non-precoded CSI-RS-based scheme is introduced to exploit elevation beamforming benefit.
Proposal 5: Antenna virtualization should be used in this non-precoded CSI-RS-based scheme to ensure CSI-RS coverage. 
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5 Appendix
Table 2 Simulation assumption
	Duplex
	FDD

	Antenna array configuration(M,N,P)
	(8,4,2)

	Traffic model
	Full-buffer/ FTP model 1

	Wrapping method
	Geographical distance based

	Number of UE receive antennas
	2

	Transmission scheme
	SU/MU-MIMO adaption
Maximum 4 mu-layers

	Cell association 
	RSRP on CRS port0
CRS port 0 associated to a single antenna element

	CSI-RS overhead
	Not considered

	Vertical beam chosen
	Based on the highest CSI-RSRP,
i.e.  X = 0dB

	Others
	Based on [5][6]
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